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但是随之而来的环境问题也越来越突出。三丁基锡 （Tributyltin, TBT） 和三
甲基锡 （Trimethyltin, TMT） 都属于有机锡家族，它们的毒性已经在很多细
胞中得到了证实。但 TBT 和 TMT 细胞毒性效应的分子机制还没有完全阐述清
楚。本实验用 TBT （0.5, 1, 2, 4 μM） 和 TMT （4, 8, 16, 32, 64 μM） 处理
HepG2 细胞，分析其对 HepG2 细胞的毒性效应，并对其诱导 DNA 损伤、对凋
亡相关酶和蛋白进行分析，结果如下： 
1.TBT 和 TMT 对 HepG2 细胞的毒性。 
通过 MTT 实验，发现 TBT 和 TMT 可以显著的抑制 HepG2 细胞的存活率，
而且这种影响呈明显的剂量效应。进一步的相差显微镜观察发现：处理组的细
胞形态发生明显的变化：细胞的贴壁率明显降低，胞间连接被破坏。Hoechst 
33342 荧光染色实验和流式细胞仪实验的结果表明：TBT 和 TMT 均会诱导
HepG2 细胞发生凋亡，而且呈现出明显的剂量效应。但总的说来，TBT 的细胞
毒性要比 TMT 的强，主要表现在 0.5 μM 的 TBT 处理 3 h 就可显著性地降低
HepG2 细胞的存活 （p<0.05），而 64 μM 的 TMT 处理 24 h 才表现出类似的结
果。 
2.TBT 和 TMT 对 HepG2 细胞 DNA 损伤的影响。 
通过彗星实验发现，经 TBT 和 TMT 处理后的 HepG2 细胞，其彗尾的长度
（Tail Length）、尾部 DNA 百分率 （Tail DNA%） 和尾矩 （Tail Moment） 均
随处理浓度的增高而增加，显示出明显的剂量效应。对细胞内活性氧（ROS）
水平检测的结果发现：TBT 和 TMT 处理后的 HepG2 细胞内 ROS 水平随处理
浓度的增高而升高，4 μM 的 TBT 处理 3 h 后细胞内 ROS 水平与对照组差异显
著（p<0.05），认为 TBT 和 TMT 诱导的 DNA 损伤与胞内 ROS 水平的变化有关。 
3.TBT 和 TMT 对细胞内凋亡相关因子的影响。 
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的比值也随 TBT 和 TMT 浓度的增加而升高，而与凋亡相关的 p53 蛋白表达水
平没有变化。对细胞内凋亡相关的 caspase-3，8，9 活性的检测结果显示，
caspase-3 的活性均随 TBT 和 TMT 处理浓度的增加而升高；Caspase-8 和
caspase-9 的活性随 TBT 处理浓度的增加而升高，而 TMT 对 caspase-8 的活性
影响是先升高后降低、对 caspase-9 的活性影响并不明显。这些结果说明线粒体




















Organotins are among the most widely used organometallic compounds. Their 
accumulation in environment is due to their wide use in agricultural and industrial 
applications. The toxicity of tribuyltin （TBT） and trimethyltin （TMT） have been 
confirmed in many cells. But the molecular mechanism of their toxicity has not 
elucidated clearly. In the present study, we treated HepG2 cells with TBT （0.5, 1, 2 
and 4 μM） and TMT （4, 8, 16, 32 and 64 μM）, investigated their toxic effects on 
HepG2 cells and analyzed the DNA damage induced by them and the 
apoptosis-related proteins and enzymes, the results are as follows: 
1. The toxicity of TBT and TMT on HepG2 cells 
In MTT experiment, we found that the viability of HepG2 cells treated with 
TBT or TMT was inhibited in a concentration-dependent manner. The cell 
morphology was changed, including cell adhesion rate decreased significantly and 
the intracellular connections were destruct. The results of Hoechst 33342 stainining 
and flow cytometry experiments indicated that TBT and TMT could induce 
apoptosis and the apoptotic rate was concentration-dependent manner. But overall, 
the cytotoxicity of TBT is higher than that of TMT. It is reflected primarily that the 
vibility of cells treated with TBT 0.5 μM for 3 h can be significantly inhibited （p＜ 
0.5）, while we obtain the similar result with TMT 64 μM for 24 h. 
2. The effect of TBT and TMT on DNA damage 
In the comet assay experiment, we found that the tail length, tail DNA% and 
tail moment of HepG2 cells treated with TBT and TMT were all increased with the 
elevation of concentrations, there was an obvious concentration-dependent. From 
the results of the intracellular ROS levels detection, we observed the ROS levels in 
treated groups were increased with the elevation of the concentration of TBT and 
TMT and there was an obvious difference between 4 μM TBT treated group and the 
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TMT has association with the change of intracellular ROS levels. 
3. The effect of TBT and TMT on intracellular apoptosis-related proteins 
The results of the Western blot of intracellular apoptosis-related proteins 
treated by TBT and TMT suggested that the levels of cytochrome C and the ratio of 
Bax and Bcl-2 were increased as the concentration of TBT and TMT increased, but 
the p53 was not concerned. The results of caspase-3, 8 and 9 activities indicated that 
the caspase-3 activity was increased with the concentration of elevation of TBT and 
TMT. In TBT treated groups the caspase-8 and 9 activities were increased with the 
contentration of elevation of TBT, but in the TMT treated groups, the caspase-8 
activity was first increased then decreased and the caspase-9 activity was not evident. 
All these results indicated that both mitochondrial pathway and death receptor 
pathway take part in the TBT-induced apoptosis, while TMT induced apoptosis 
mainly through the death receptor pathway. 
 
 









































































Ema 等[18, 19]发现孕鼠在怀孕早期（7-9 d）接触 TBT，流产率明显高于怀孕晚期
（13-15 d），而在怀孕中期（10-12 d）接触 TBT，幼鼠的畸形率最高，说明胚




对大鼠，妊娠 8 d 起在孕期、哺乳期和幼鼠等各个发育阶段用橄榄油经口分别
给予 0.025、0.25 和 2.5 mg/kg 的 TBT，给药 7 d，研究发现 TBT 使大鼠自然杀
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